Abstract. Gold nanoflowers are known for their use as efficient host for surface enhanced Raman scattering of organic dye molecules. In this article, gold nanoflowers have been synthesised and rhodamine 6 G (R6G) molecules have been used as probe molecules. It is found that the gold nanoflowers can detect the presence of R6G molecules upto 10 −10 M. The petals of these nanoflowers play an important role for the enhancement of Raman signals, and the intensity of Raman signals is enhanced many folds in presence of gold nanoflowers -the enhancement factor is of the order of 10 6 . This is explained in terms of electromagnetic mechanism.
Introduction
Surface enhanced Raman scattering (SERS) is a powerful analytical technique for detection of chemicals and biomolecules due to its high sensitivity [1, 2, 3, 4, 5, 6] . When a probe molecule is adsorbed on to the surface of noble metal nanoparticles, the intensity of Raman signals of the molecule is enhanced many folds. The enhancement can be of the order of 10 10 [7] . The enhancement is attributed to either of the two possible mechanisms -electromagnetic mechanism (EM) or chemical mechanism (CM) [8, 9] . The electromagnetic enhancement arises due to strong electromagnetic field of metal nanoparticles associated with the localized surface plasmon resonance (LSPR) [10, 11] . Colloidal metal nanoparticles of silver and gold are used for SERS based sensors [12, 13] . These coin metals posses high density of free electrons which cause the enhancement of electromagnetic field near the surface of these nanoparticles. The enhanced field plays an important role for the enhancement of Raman signals from the probe molecules [14] . The chemical mechanism arises due to charge transfer between probe molecules and host material [15] . The enhancement factor for EM is of the order of 10 8 -10 12 , whereas the enhancement factor for CM is as low as 10 2 -10 3 . The other factor which often plays a major role towards enhancement is adsorption of probe molecules on the material surface. Noble metal nanoparticles or their thin films can be used as host for SERS signal [16, 17] . However, the problem with these materials is that the adsorption of some molecules on their surface is not sufficient for the enhancement to be achieved. To overcome this problem, it has been proposed that surface modification of nanomaterials be done. These modifications also have some effects on the enhanced electric field around nanoparticles due to screening effect. Thus, various different shaped nanoparticles have been synthesized and used for SERS [18, 19] .
Gold nanoflowers of different shapes and sizes have been studied previously for enhancing Raman signal from different probe molecules [20, 21, 22] . Niu et al. had synthesized gold nanostars of varying number of arms and used for SERS of 4-mercaptobenzoic acid (MBA) molecules [23] . Also, Xie et al. used gold nanoflowers of size 88 nm for Raman probe of Rhodamine B molecules [24] . One dimensional nanostructure of gold has also been synthesized and used for different applications. Vigderman et al. have used gold nanorods and nanowires for SERS of 1,4-benzendithiol molecules [25] . Also, researchers have synthesized gold nanoflowers with different number of petals and used these nanoflowers as host for SERS of different molecules [26, 27, 28] . In this article, we report synthesis of gold nanoflowers of size of the order of 45 nm and these gold nanoflowers have been used as host for SERS of R6G molecules at very low concentration (100 pM).
Experimental

Chemicals and materials
For synthesis of gold nanoflowers, hydrogen tetrachloroaurate (III) trihydrate (HAuCl 4 .3H 2 O) was purchased from Sigma-Aldrich. Analytical grade L-ascorbic acid (C 6 H 8 O 6 ) was obtained from Sisco Research Laboratory (SRL). Ultrapure Millipore water (18.2 MΩ) was used as the solvent in all aqueous solutions and rinsing procedures. For Raman scattering study rhodamine 6 g (C 28 H 31 N 2 O 3 Cl) was procured from SigmaAldrich.
Synthesis of gold nanoflowers
The gold nanoflowers were synthesized by using chemical reduction method of gold salt. In a typical synthesis procedure, 0.2 ml of 10 −2 M gold salt was mixed in 20 ml of 20 mM ice cold ascorbic acid under continuous stirring. With addition of gold salt the colorless solution of ascorbic acid is changed to purple and finally faint blue. The mixture was allowed to stir for additional 10 min. The schematic for synthesis of gold nanoflowers is shown in figure 1 . The aqueous solution of gold salt contains gold ions which are reduced in the presence of citrate ions, and causes nucleation for gold nanoflowers.
Characterization techniques
The optical properties of the gold nanoflowers were measured by absorption spectrophotometer in visible and near infra red region. The shape and size of these nanoflowers were determined by transmission electron microscope (model JEOL-2100F, Japan), operating at 200 kV. The Raman spectra of rhodamine 6 g molecule were collected by Renishaw inVia confocal Raman spectrometer using excitation laser source of 532 nm and the associated grating is 2400 lines per mm. The Raman spectra were collected by using 50X objective lens having numerical aperture 0.25.
Surface-enhanced Raman scattering of gold nanoflowers
For surface enhanced Raman scattering of R6G molecules due to gold nanoflowers, 0.01 ml of 10 −9 M and 10 −10 M R6G solutions were mixed with 0.01 ml of gold nanoflowers solution. These mixed solutions were put on silicon substrates and dried at room temperature. For comparative studies on the enhancement factor, 10 −3 M R6G solution was put on the silicon substrate.
Results and discussions
UV-Vis Absorption
The absorption spectrum of gold nanoflowers is shown in Figure 2 . Gold nanoflowers show two distinct absorption peaks. The peak at 550 nm is due to core of nanoflower and a hump around 700 nm originates due to free electrons which are confined in petals. These absorption peaks are known as surface plasmon resonance (SPR) peaks. The free electrons near the surface of gold nanoflowers are known as surface plasmons and when a light of particular wavelength is incident on the surface a resonance phenomenon takes place and absorption of light is observed. The oscillation frequency associated with these plasmons depends on various factor like, size, shape of metal nanoparticles and also on the dielectric constant of the surrounding medium [29] . In present case, the gold nanoflowers have two distinct frequency of surface plasmons, one arising due to the core and the other due to petals. 
Transmission electron microscopy analysis
The TEM images of gold nanoflowers are shown in Figure 3 . The size of nanoflowers are of the order of 45 nm, the core size is around 35 nm, the petals are of lengths around 5 nm. Figure 3(b) shows the lattice spacing of the gold crystal and the spacing is of the order of 0.24 nm, which corresponds to (111) plane [30] . The inset of Figure 3(b) shows the selective area electron diffraction (SAED) pattern from different lattice planes of gold. The innermost diffraction ring is associated with (111) plane; similarly other rings represents (200), (220), and (311) planes.
Raman study
The Raman spectra of R6G molecules in absence and presence of gold nanoparticles are shown in Figure 4 . Figure 4(a) shows the Raman spectrum of R6G molecules with concentration of 1 mM, when no gold nanoflowers are there, and the Figure 4 peak for reference sample is 7000 counts, in presence of gold nanoflowers; for 10 −9 M and 10 −10 M concentrations, the intensities are 4500 and 500 counts respectively. These spectra confirm the Raman signal of R6G molecules can be enhanced even at very low concentration of 100 pM. The ability of gold nanoflowers on the SERS signal is calculated in terms of enhancement factor (EF ) [31] 
where I SERS and I N are the intensities of a vibrational mode of R6G molecules in Raman signals, in the presence and absence of gold nanoflowers, respectively; C being the corresponding concentrations of R6G molecules. The value of EF for gold nanoflowers was found to be 10 6 . This large EF is due to sharp edges of these nanoflowers. At the petals, the edge causes enhancement of electromegnetic field and this field further interact with the adsorbed molecules and hence causes the enhancement of the Raman signal.
The intensity of Raman signal is enhanced near the gold nanoflowers. The gold nanoflowers has two kinds of surface plasmon resonance peaks; one arising due to core of NFs and the other due to the petals. When a laser beam of 532 nm is used, at this wavelength the plasmons are in resonance condition and hence results in strong electromagnetic field around the Au NFs. The enhanced electromagneti field helps in strengthening the vibrational modes of the probe molecules. All vibrational modes of R6G molecules are enhanced in the Raman peaks.
Conclusions
In summary, gold nanoflowers of size 45 nm were synthesized and used as efficient hot-spots for enhancing Raman signal of R6G molecules. The Raman signals of R6G molecules in presence of gold nanoflowers were found to be enhanced up to 10 6 fold. The gold nanoflowers showed strong enhanced electromagnetic field surrounding the particles, which helped in the enhancement of Raman signals. The enhancement was due to electromagnetic mechanism. The gold nanoflowers could be used as SERS-based sensing of foreign molecules, up to picomolar concentration.
